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Redox-Active Organics for Battery Storage 
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Organic-Based Aqueous Flow Batteries 

Primary requirements: 

• Reduction potential 

• Aqueous Solubility 

• Redox kinetics 

• Stability 

• Cost 



Aqueous-Soluble Organics (ASOs) for Energy Storage 

Low chemicals cost: Enables low cost/kWh 

Rapid redox kinetics: Enable low area/kW  low cost/kW 

All-liquid storage: Enables inexpensive BOS and high cycle life 

Aqueous electrolyte:  Enables fireproof operation 

Non-toxic: Ideal for commercial, residential markets 

Scalability: Enables rapid chemistry scaleup 

Tunability: Enables performance improvements 

Small organic molecules: Enable inexpensive separator  low cost/kW 
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PNNL pH 7 Aqueous Flow Battery 

T. Liu, X. Wei, Z. Nie, V. Sprenkle, and W. Wang,  

"A Total Organic Aqueous RFB Employing a Low Cost and Sustainable Methyl Viologen Anolyte and 4-HO-Tempo Catholyte",  

Advanced Energy Materials 6, 1501449 (2016) 



Low Capacity Fade at Low Reactant Concentrations 

0.1 M MV 

1.0 M NaCl 
 

0.1 M HO-TEMPO 

1.0 M NaCl Cycling at 

40 mA/cm2 

T. Liu, X. Wei, Z. Nie, V. Sprenkle, and W. Wang,  

"A Total Organic Aqueous RFB Employing a Low Cost and Sustainable Methyl Viologen Anolyte and 4-HO-Tempo Catholyte",  

Advanced Energy Materials 6, 1501449 (2016) 



High Capacity Fade at High Reactant Concentrations 

0.1 M MV 

1.0 M NaCl 
 

0.1 M HO-TEMPO 

1.0 M NaCl 

0.5 M MV 

1.5 M NaCl 
 

0.5 M HO-TEMPO 

1.5 M NaCl 

Cycling at 

40 mA/cm2 

Cycling at 

60 mA/cm2 

T. Liu, X. Wei, Z. Nie, V. Sprenkle, and W. Wang,  

"A Total Organic Aqueous RFB Employing a Low Cost and Sustainable Methyl Viologen Anolyte and 4-HO-Tempo Catholyte",  

Advanced Energy Materials 6, 1501449 (2016) 



Our Hypothesized Decomposition Mechanisms of MV 



Our Hypothesized Decomposition Mechanisms of MV 

Chem. Asian. J. 2015, 10, 56–68 

J. Org. Chem. 1988, 53, 1481–1485 



A pH 7 Aqueous Flow Battery with High Capacity 
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Bis(TriMethylAmmonio)Propyl 

BTMAP-Viologen 
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A pH 7 Aqueous Flow Battery with High Capacity 

+0.078 V 

vs. RHE 

+0.846 V 

vs. RHE 
+0.768 V 

Posolyte TBA 

(solubility 1.9 M in H2O) 

BTMAP-V 

(solubility 2.0 M in H2O) 
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Bis(TriMethylAmmonio)Propyl 

BTMAP-Viologen 



Negolyte: 0.5 M BTMAP-V (13.4 Ah/L), 14.5 mL 

Posolyte: TBA, 1.0 M (26.8 Ah/L), 5.5 mL 

Flow plates: Serpentine, sealed 

Electrodes: 3 × 39AA, baked 

Membrane: Selemion AMV, 5 cm2 

Pumps:  Peristaltic, speed “60” 

A pH 7 Aqueous Flow Battery with High Capacity 

OCV: 0.72 V at 50% SOC 

 0.84 V at 100% SOC 

ASR: 4.5 Ω cm2 (EIS) 

 5.1 Ω cm2 (polarization) 
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Bis(TriMethylAmmonio)Propyl 

BTMAP-Viologen 
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A pH 7 Aqueous Flow Battery with High Capacity 

OCV: 0.72 V at 50% SOC 

 0.84 V at 100% SOC 

ASR: 4.5 Ω cm2 (EIS) 

 5.1 Ω cm2 (polarization) 

10% SOC 

100% SOC 

Polarization ASR 

High-frequency ASR 

Cell OCV 

Negolyte: 0.5 M BTMAP-V (13.4 Ah/L), 14.5 mL 

Posolyte: TBA, 1.0 M (26.8 Ah/L), 5.5 mL 

Flow plates: Serpentine, sealed 

Electrodes: 3 × 39AA, baked 

Membrane: Selemion AMV, 5 cm2 

Pumps:  Peristaltic, speed “60” 
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Cycling Performance, BTMAP-Viologen vs. ASO TBA  
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In an N2 environment 

Cycling Performance, BTMAP-Viologen vs. ASO TBA  



Outlook 

• Cost, tunability, and stability of ASOs look promising  

 for electrical energy storage 

• High performance, low cost quinone-bromide RFB  

 suitable for utility & industrial applications 

• High voltage, low toxicity alkaline organic Redox Flow Batt  

 more suitable for residential, commercial use 

• First pH 7 high-capacity ASO flow battery that cycles stably 

• Neutral pH enables wide variety of membrane chemistries 

• BTMAP functionalization suppresses MV dimerization / decomp. 

 that leads to insoluble or inactive species 

• BTMAP functionalization *should* also reduce crossover 

• There is still room for improvement 

• molecules 

• separators 

• porous electrodes and fluidics 

• Priorities: 

• reduce membrane resistance 

• evaluate crossover 
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